Background: Retinopathy is the clinical hallmark of generalized microangiopathy in diabetes. Aim: To examine the relation of this abnormality to end-stage renal disease (ESRD) and death in type 2 diabetes. Design: Retrospective analysis. Methods: Of 1513 type 2 diabetic patients with nephropathy participating in the Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan (RENAAL) study, 1456 (96.5%) were assessed at baseline by ophthalmoscopy or fundus photography. RENAAL was a multinational double masked, randomized, placebo-controlled intervention study, whose primary end-point was the composite of a doubling of the baseline serum creatinine concentration, end-stage renal disease (ESRD) or death. Results: Of those assessed at baseline, 65% had diabetic retinopathy. Patients with retinopathy had
Introduction
Retinopathy is a clinical hallmark of generalized microangiopathy in diabetes. Proteinuric type 2 diabetic patients who also have retinopathy have a glomerulopathy index above the normal range, 1 and the presence of diabetic retinopathy strongly suggests that diabetic glomerulopathy is the cause of albuminuria in type 2 diabetic patients. [2] [3] [4] A positive association between the degree of retinopathy and diabetic glomerulopathy has been found in type 2 diabetes. 1, 4 There is also evidence that proteinuric diabetic patients with diabetic glomerulopathy tend towards a faster rate of decline in GFR, compared to those without diabetic glomerulopathy. [5] [6] [7] [8] Approximately 30% of albuminuric type 2 diabetic patients without retinopathy have normal glomerular structure or non-diabetic kidney diseases in renal biopsy studies, 2, 9 and non-diabetic retinal microvascular abnormalities are associated with an increased risk for macrovascular events. 10, 11 In this study, based on data from the Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan (RENAAL) study, 12 we analysed the association between diabetic retinopathy and renal and cardiovascular events, including endstage renal disease (ESRD) and death.
Methods
The study design and description of the patient population has been published previously. 13 In brief, the RENAAL study was a multinational, double blind, randomized, placebo-controlled study which assessed the renal and cardiovascular effects of the AT1 receptor antagonist losartan in type 2 diabetic subjects with overt nephropathy. As previously described in the initial report of the major findings of the RENAAL study, 12 the primary endpoint was a composite of three events: a doubling of serum creatinine, ESRD, or death, whichever occurred first. In addition, there were a number of secondary endpoints, including cardiovascular morbidity, cardiovascular mortality and progression of renal disease (assessed by the slope of the reciprocal of serum creatinine). 13 This report focuses on the relationship between both the presence and severity of retinopathy and the various renal and cardiovascular endpoints of the RENAAL study. Retinopathy was not a predefined endpoint of the study, but was evaluated at baseline in 496% of subjects. It was also not formally evaluated as part of the RENAAL protocol, since the investigators simply were asked to record the degree of diabetic retinopathy at a time as close as possible to baseline. Consequently, methods for detecting retinopathy, assessment of retinopathy degree and indication for laser photocoagulation were not identical. We have no information on the type of laser photocoagulation, i.e. scatter or focal, and no centralized grading process was applied.
Statistical analysis
All participants (n ¼ 1513) were included from randomization through to the study termination date, regardless of adherence to study medication. The presence of diabetic retinopathy was initially assessed at baseline by ophthalmoscopy, fundus photography and fluorescein angiography. First, patients were divided into those with and those without retinopathy. Retinopathy patients were further divided into those with background retinopathy (non-proliferative) and those with severe retinopathy, defined as current or previous treatment with laser photocoagulation due to maculopathy or proliferative retinopathy. Baseline assessment was performed in 1456 patients (96.5%). In the remaining 57, data from medical records were available, and indicated that 36 had retinopathy and 21 did not have retinopathy. Nevertheless, the major analyses used only those with baseline retinopathy assessments (n ¼ 1456).
Dichotomous variables (Table 1) were compared using the 2 test. A two-sample t-test was used to explore the impact of the presence of retinopathy on the various renal and cardiovascular endpoints. When the impact of severity of retinopathy was assessed, a one way ANOVA was initially used. To further assess the impact of retinopathy, a Cox regression model was used with categorical variables as covariates to determine the hazard ratio of each category over a selected reference and 95%CI for hazard ratio (HR). The relationship between baseline retinopathy and endpoints of interest was explored with the group without retinopathy being treated as the reference for the HR. To explore retinopathy as an independent risk factor for both renal and cardiovascular events, a multivariate Cox model was used. The model incorporated non-renal risk factors, including blood pressure, prior type of antihypertensive drugs, HbA1c, lipids, uric acid and additional baseline covariates (age, gender, race, BMI, smoking and insulin use). The HRs for the presence and severity of retinopathy, adjusting for these risk factors, were then calculated. Analyses were performed with and without proteinuria and estimated level of GFR being included. The assumption of proportionality for the Cox analysis was tested and the criteria were met. The backward selection method was used to eliminate covariates which had p values 40.05. The impact of retinopathy on the effect of losartan on various renal endpoints was also analysed using a Cox regression model. SAS version 8 was used for the analysis. A p value of 50.05 was considered to indicate statistical significance. All statistical tests were two-sided.
Results
The demographic, clinical and laboratory data in patients with and without diabetic retinopathy at baseline are shown in Table 1 . The demographic and clinical data at baseline were similar in the two groups, except for the following variables, which were higher or more frequent in the group with retinopathy: systolic blood pressure; use of certain antihypertensive drugs, including dihydropyridine CCBs; diuretics and agents that interrupt the reninangiotensin system; insulin use; neuropathy; and amputation. Patients with baseline retinopathy also had more severe nephropathy, as characterized by greater degree of proteinuria, higher serum creatinine concentration and lower serum albumin and haemoglobin levels. No differences in prevalence of smoking, serum cholesterol or glycaemic control were observed between the two groups. Comparing patients with severe (17%) vs. background retinopathy (83%), no significant differences at baseline in demographic, clinical or laboratory variables were seen, except for a higher prevalence of neuropathy in the severe retinopathy group (data not shown). The following regional differences in prevalence of diabetic retinopathy were noted: North America, 54.7%; Europe, 61.0%; Asia, 71.2%; and Latin America, 83.2% (p 5 0.001).
By univariate analysis, the presence of diabetic retinopathy was associated with a 44% increase in the primary composite end-point (HR 1.44, No significant association with retinopathy status (background vs. severe) was observed for the major cardiovascular end-points, including the composite cardiovascular end-point of the first event of myocardial infarction, stroke, hospitalization for unstable angina, hospitalization for heart failure, coronary or peripheral revascularization and death from cardiovascular causes (whichever occurred first). The impact of retinopathy on both renal and When HRs were calculated comparing the three groups (severe, background and no retinopathy), no impact of severity of diabetic retinopathy could be detected on any of the renal or cardiovascular end points (Table 2) .
Multivariate analysis was performed to determine whether retinopathy per se influenced any of the end points, after accounting for potential confounding non-renal factors such as blood pressure, HbA1c, lipids, smoking or use of agents such as dihydropyridine CCBs and insulin (Table 3) . After accounting for these factors in a Cox model, the presence of retinopathy remained associated with a 23% increase (p ¼ 0.015) in the primary composite end point and a 22% increase (p ¼ 0.038) in ESRD or death. However, when renal factors such as proteinuria and estimated GFR were included in the multivariate analysis, retinopathy was eliminated as one of the predictors of the composite end-point or ESRD (data not shown). No effect of retinopathy was observed on all-cause death, which was primarily influenced by age, HbA1c, Hispanic ethnicity, LDL cholesterol, blood pressure and uric acid.
Discussion
Based on prospective observational data from the RENAAL study, our analysis demonstrates that the presence of any degree of diabetic retinopathy is associated with more proteinuria and a higher risk for ESRD and death in type 2 diabetic patients. Furthermore, each of the individual components of the composite end point was increased in patients with diabetic retinopathy, compared to patients without diabetic retinopathy. The inverse of serum creatinine, a continuous variable for measuring progression of kidney function was also significantly lower in patients with retinopathy consistent with more rapid progression of renal disease. The predictive power of diabetic retinopathy for subsequent ESRD and death in the RENAAL study was independent of a number of variables, including blood pressure, glycaemic control and lipids. The effects of retinopathy were eliminated after adjusting for baseline proteinuria or estimated GFR. Both these variables are closely linked to the presence of diabetic retinopathy (see Table 1 ). Indeed, renal and retinal disease in diabetes may be considered manifestations of a generalized diabetes-related disorder, microangiopathy.
14 Since diabetic retinopathy and markers of diabetic nephropathy (proteinuria and GFR) are strongly associated, it may not be appropriate both from either physiological or a statistical point of view to include retinopathy and nephropathy in the same multiple regression analyses. From a clinical standpoint, the presence of diabetic retinopathy marks a patient for a high risk of nephropathy and ultimately progression to ESRD. Ophthalmoscopy was commonly applied for retinopathy categorization at baseline, and this method cannot be considered a highly sensitive approach. Consequently, it is highly likely that a substantial proportion of those patients classified as having no retinopathy at baseline did in fact have disease. This bias would serve to dilute the hazard ratios when comparing no vs. background retinopathy. Furthermore, it is also likely that cases of severe retinopathy were missed, again diluting the risk estimates when comparing severe vs. background retinopathy. Therefore, we are probably underestimating the significance of the importance and link between diabetic retinopathy and progression of renal disease. Retinopathy should be assessed systematically in future renal studies. The regional differences in the prevalence of retinopathy suggest that genetic predisposition or protection, in addition to well known non-genetic risk factors for development of diabetic retinopathy, may vary considerably.
We found no relationship between cardiovascular end-points and retinopathy. This may relate to the way retinopathy was assessed in our study, in addition to the lack of power due to the relative small number of cardiovascular events. However, the HRs were very close to 1, with no apparent trend for any of the different cardiovascular end points.
The beneficial effects of losartan on the various renal end points were not significantly influenced by the presence or absence of retinopathy. The worsening impact of diabetic retinopathy on GFR decline has previously been demonstrated in studies of small numbers of proteinuric type 2 diabetic patients with rather well-preserved kidney function. 5, 8 In both studies, differences in the surrogate end point, rate of decline in GFR, were demonstrated, but neither had the power to report on the clinically relevant renal end-point of doubling of serum creatinine or ESRD. In recent preliminary analysis from the Irbesartan in type 2 Diabetic Nephropathy Trial (IDNT) (1715 patients), the presence of retinopathy increased the risk of progression of renal disease (ESRD) as well as cardiovascular events and death. 15 Interestingly, a large population-based cardiovascular study in middleaged people has revealed that retinal microvascular abnormalities are related to the development of coronary heart disease and stroke. 10, 11 Long-term prospective observational studies have documented that diabetic retinopathy is a risk factor for development of diabetic kidney disease both in type 1 16 and type 2 17 diabetes. 1, 4 and the most severe degree of diabetic glomerulopathy was observed in proteinuric type 2 diabetic patients with the most severe eye disease, i.e. proliferative retinopathy. 1, 4 A close renal structuralfunctional relationship has been demonstrated in proteinuric type 2 patients. Specifically, patients with more severe glomerular lesions also had enhanced albuminuria and an accelerated rate of decline in GFR. 1 Importantly, approximately 30% of an unbiased, consecutive cohort of proteinuric type 2 diabetic patients without diabetic retinopathy had either normal renal glomerular structure or nondiabetic nephropathies. 9 Fioretto et al. 3 reported normal or near-normal renal structure in 29%, and 'atypical' patterns of injury (absent or only mild diabetic glomerular changes, associated with mainly tubulointerstitial and arteriolar abnormalities) in 41% of type 2 diabetic patients with microalbuminuria. Diabetic retinopathy was present in all microalbuminuric type 2 diabetic patients with typical diabetic glomerulopathy. In a biopsy study of an unbiased proteinuric type 2 diabetic patient population closely resembling the IDNT and the RENAAL patients, there were two discrete patterns of glomerular pathology: retinopathy was associated with Kimmelstiel-Wilson nodules but not with mesangial sclerosis lesions. 4 Marked proteinuria was associated with both lesions, although those with Kimmelstiel-Wilson lesions had lost a larger proportion of their kidney function. Recently, we found that in proteinuric type 2 diabetic patients without retinopathy, those with diabetic glomerulopathies tended towards a faster rate of decline in GFR, compared to those with non-diabetic glomerulopathies. 7 Diabetic retinopathy is a requirement for the clinical diagnosis of diabetic nephropathy, which can be made in patients with diabetes who have persistent albuminuria without clinical or laboratory evidence of other kidney or renal tract disease. 18 Apart from the association between diabetic retinopathy and renal structure and function, retinal abnormalities are related to markers of inflammation (e.g. white-cell count, fibrinogen concentration) and endothelial dysfunction (e.g. von Willebrand factor), consistent with microvascular pathology. 19 In addition, abnormal autoregulation of blood flow to various tissues and organs has been demonstrated in patients with diabetic retinopathy. 20 An important clinical message from our study is that more aggressive vasculoprotective treatment should be applied in proteinuric type 2 diabetic patients with diabetic retinopathy in order to improve their prognosis. The main strengths of our study include a large, multiracial, well-defined cohort of proteinuric type 2 diabetic subjects, with prolonged observation and validated identification of predefined primary and secondary end-points. However, several limitations should be noted. Firstly, validated fundus photos of predefined retinal fields were not applied. Secondly, standard grading of retinal microvascular abnormalities was not feasible. Thirdly, there was a lack of systematic eye examination during the trial. Finally, selection may have been biased according to the inclusion and exclusion criteria of the RENAAL study.
In conclusion, in our cohort of proteinuric type 2 diabetic patients, the presence of diabetic retinopathy was associated with a higher risk for ESRD and death. This damaging impact appears to be independent of arterial blood pressure, glycaemic control, hypercholesterolemia and ethnicity. To increase the power of renoprotective trials in the future, patients with diabetic retinopathy should be studied, since this is a group with a higher rate of progression of diabetic renal disease..
